The virulence of the strain does not appear to depend upon its toxin-producing power, since strains which are almost incapable of forming toxin in artificial media are nevertheless able to produce extensive lesions when introduced into the body.
Caseous lymphadenitis of sheep.-This disease, which is also known as pseudotuberculosis, is a chronic affection, occurring sporadically or as an enzootic. It is characterized by the formation of caseous lesions, especially in the lymph-glands, and in some cases by pronounced wasting and cachexia. It has sometimes been observed in an epizootic form.
The disease has been reported from time to time in most European countries and is said to be common in parts of North America. It is of considerable economic importance in parts of Australia and South America. It is sometimes said to have been observed in this country, but experimentally it seems that British breeds of sheep are relatively susceptible to infection and, from observations which I made a few years ago, the disease would appear to be transmitted readily under natural conditions in England. It is reasonable therefore to assume that, if the disease did exist in this country, a considerable proportion of the sheep would be affected, and, of course, that is not so.
If the lesions are confined to the internal organs, the presence of the disease is frequently not discovered until the animal is slaughtered, or it may show indefinite symptoms of a slowly progressive anemia or cachexia. In many instances it may be recognized during life by the presence of painless swellings or " tumours," usually in the prescapular and precrural regions. In such cases the general health may not be affected unless the enlarged glands interfere with locomotion. Such "tumours" when present in breeding stock are usually removed by shepherds.
Infection of the lungs gives rise to symptoms of a chronic bronchopneumonia with a painful cough and muco-purulent nasal discharge. There is frequently a muco-purulent discharge from the eyes, and usually some wasting, even with animals in which the lesions are confined to the lymphatic glands.
The lesions.-In the early stages the lymph-glands are watery or gelatinous in appearance and contain a varying number of small circumscribed nodules enclosing caseous pus. In more advanced cases the whole gland may become transformed into a caseous mass. The pus varies in colour from yellow to green and in older lesions shows on section a laminated appearance, like that of an onion, the periphery of the lesion being composed of a thick wall of connective tissue with a smooth inner surface. The lung lesions vary from small greenish nodules to tumours the size of a goose egg with a structure similar to that of the gland lesions. Subsequently, lime salts may be deposited giving the caseous mass a mortar-like consistency and a greyish colour.
Pathoqenicity.-In sheep the subcutaneous inoculation of artificial cultures may result in a local abscess or may be followed by extensive enlargement of the regional lymphatic glands and the development of foci in the lungs. Sometimes the local changes are more acute and consist of extensivecedema. Intravenous injection of from approximately 250,000 to one million organisms is followed by the development of lesionsthroughout the body (Buxton, 1930) . When organisms are given by the mouth in doses of approximately ten million, lesions are found principally in the lungs, while in the abdominal organs the mesenteric glands alone may contain a few foci. The submaxillary, pharyngeal, and bronchial glands appear to be the most extensively infected, while the superior cervical and mediastinal are involved to a much smaller extent. When the infecting dose is administered through a stomachtube so that contamination of the buccal cavity may be reduced to a minimum, the submaxillary, pharyngeal, or bronchial glands appear to be almost always affected and usually the lungs also (Buxton, 1930) . Seddon (1929) , however, found it difficult to infect sheep per os with cultures or pus, while Carne and Ross (1932) , found that infection by this 57 Section of Comparative Medicine 1337 route was not facilitated by injuries due to wandering parasites such as (Esophagostomurm columbianum.
Young lambs appear to be readily infected by applying very small amounts of culture to the scrotum after castration or to the stump of the tail after amputation.
Healing of such wounds is delayed. Lesions also occur in the lungs and various lymphatic glands and, to a smaller extent, in the liver.
Bull (1933) found that lambs showed a considerable degree of resistance to subcutaneous injections of cultures and to pus applied to wounds even in mixed infections or together with sterile dust.
In guinea-pigs, after subcutaneous inoculation there is a local caseous nodule, the lesion as a rule subsequently extending to neighbouring lymph-glands or internal organs. In male guinea-pigs, after intraperitoneal inoculation, the enveloping membrane of the testes becomes covered with a purulent fibrinous exudate, but the reaction is usually less severe than that produced by Pf. mallei.
The natural method of infection is not yet known definitely. AWoodruff and Gregory (1929) , Seddon (1929) , and Seddon, Belschner, Rose and Blumer (1929) concluded that the most usual method was by the contamination of wounds during shearing, while Seddon and Belschner (1933) considered that wounds were more likely to become infected in the counting-out pens and yards rather than during shearing. The droppings of infected animals would seem to be a likely means of spreading the infection. Carre found large numbers of the organism in the droppings of apparently healthy animals, while Bull (1933) recovered the organism with comparative ease from the soil of the camping grounds of sheep on a property where the disease was enzootic. Murnane (1933) endeavoured to infect guinea-pigs by contaminating wounds with sweepings of counting-out pens of a shearing shed. He used 127 guinea-pigs, of which 34 died from septic infection, but none of the remainder, killed six weeks later, showed infection with the Preisz-Nocard bacillus. A negative result was also obtained in the case of 24 guinea-pigs with wounds contaminated by dust from sheep camps on affected properties.
The question whether the bacilli can lead a saprophytic existence under favourable conditions on such sites has not been determined, so far as I am aware. Buxton (1930) found that eight out of ten sheep which had been in contact with experimental animals, two of which were discharging pus from abscesses, became infected. From the nature and distribution of the lesions there was reason to suppose that the part primarily infected was the thin skin covering the udder and sternum and that the organisms might have been transmitted by biting insects.
Diagnosis.-Following the observation of Vallee and Bossavy that extracts of cultures of the Preisz-Nocard bacillus provoked a local reaction when inoculated under the skin of the eyelid of horses affected with ulcerative lymphangitis, Carre (1923) employed a similar method in sheep. The dose of toxin (0-25 c.c.), injected into the conjunctival tissue of the eyelid, provoked in infected sheep, usually about 12 hours later, a more or less pronounced swelling which was always appreciable when compared with the other eyelid. Descazeaux (1930) prepared a similar diagnostic agent from virulent strains of the organism grown in Martin's broth for twenty-four hours. The cultures were filtered through Chamberland F.5. filters. Injections into the skin or caudal fold in naturally or experimentally infected animals produced after twenty-four hours swelling, heat and redness which persisted for from twelve to twenty-four hours.
Cesari (1930) and Cassamagnaghi (1931) used a similar filtrate obtained from old broth cultures ; Cesari referred to this reagent as "'preisz-nocardine." Favourable results were claimed in sensitized guinea-pigs and in sheep.
More recently, carried out tests with material prepared after the fashion of tuberculin, using cultures several weeks old. He was unable to confirm the results of previous workers and concluded that " all the allergic reagents so far tested failed to show a degree of efficacy which would render them of value for the accurate detection of infected animals."
Protective inoculation.-Carre (1933) attempted to vaccinate lambs by giving subcutaneously two vaccines of increasing strength (strength not stated), the first a few hours after birth and the second fifteen days later. It was found to be ineffectual in preventing the suppurative lesions but the more or less acute toxic forms of the disease were said to be prevented.
Brocq-Rousseu and Urbain (1925) attempted to vaccinate guinea-pigs by means of anatoxin. They found that the maximum toxin content was obtained in Martin's broth after seven to ten days at 370 C., guinea-pigs of 600 gr.-being killed in from twelve to twentyfour hours by doses of from 0 1 c.c. to 10 c.c. The culture was filtered through L3 candles and treated with formalin (three parts per 1,000) and incubated. A non-formalinized toxin was used as a control. After four days the formalinized toxin failed to kill guinea-pigs in doses of 5 c.c. while the non-formalinized killed at 4 c.c. After eight days this also became inactive. After one month in the incubator their antigenic properties were tested in guinea-pigs. The modified toxins were found to protect guinea-pigs of 600 grm. against three to five fatal doses of toxin when given in two doses of 3 c.c. with an interval of twenty days. Doses of 1 c.c. did not afford any protection. The vaccine was specific, for all the guinea-pigs which survived the test-dose were subsequently killed by a fatal dose of diphtheria toxin.
The Bacteriological Laboratory, Laigle, prepares a vaccine consisting of a saline suspension of 4,000 million organisms per c.c. The dose is 1 c.c. and one dose only is given.
Experiments carried out by myself with a similar vaccine did not prove successful. The vaccine consisted of a formalinized saline suspension of 25,000 million organisms per c.c. The immunizing effect of one or two doses of 5 c.c. and 10 c.c. respectively with an interval of two or four weeks was tested, from one to three -months later by the intravenous or oral administration of culture or pus. Vaccinated sheep and lambs were only slightly less infected than the control animals when killed three months after the test dose. Local caseating lesions were produced by the vaccine in a number of the animals but there was no evidence of extension to neighbouring lymph-glands or other areas of the body.
Dr. H. R. Carne said that knowledge of the bacteria classed as members of the genus Corynebacterium was at present incomplete. Although, apart from the type species C. diphtheria, the validity of a limited number of species had been generally accepted, much confusion existed concerning the rest, and further, the relation of known species to one another had received little attention. Of the numerous species described, five only had been clearly recognized as pathogenic, viz. C. diphtheria, C. ovis, C. pyogenes, C. equi and C. pseudotuberculosis murium, and to these had recently been added a group of organisms isolated from the human pharynx, which appeared to possess properties intermediate between those of C. diphtheria? and C. ovis.
C. ovis and C. pyogenes were well known to veterinary bacteriologists as causiDg common suppurative conditions in animals. There was much confusion in the literature between these two organisms, partly due to their aimilar morphology, and to the similarity in the characters of their lesions, and partly to the fact that both cause natural infections in sheep.
In a detailed bacteriological examination of about sixty strains of C. ovis, isolated from lesions in Australian sheep, all the strains showed some liquefaction of gelatin when grown on slopes at room temperature; acid was produced by all strains in dextrose, lwvulose, galactose, glycerine and maltose (in the latter all but three), whereas raffinose, arabinose, inulin and salicin were not attacked; the action on saccharose, lactose, mannite and dulcite was variable. No indol was produced, the Voges-Proskauer reaction was negative, four strains showed nitrate reduction, and thirty-six produced hydrogen sulphide.
Certain strains formed a h&emolysin capable of causing intravascular hemolysis and icterus in sheep after intravenous inoculation of culture, though these signs had not been observed in the natural disease in sheep in Australia. HEamolysis could also be demonstrated in vitro in the depths of blood-agar plates, but was inhibited by the presence of free oxygen if plates were sown on the surface. Cells of different species differed in their sensitivity to the haemolysin, sensitivity decreasing in the following order: guinea-pig, rabbit, horse, sheep. The h2emolysin appeared to be closely linked with the bacterial cell and could not be separated from it. It was thermolabile, non-antigenic, and apparently unrelated to exotoxin or to virulence. The capacity to produce haemolysin did not appear to be fixed, some strains being non-htmolytic, others haemolytic, and there was a tendency for mixed types of colonies to develop in subcultures from single colonies.
C. ovis remained alive for long periods in caseo-purulent material from natural lesions, often even when desiccated. It was readily destroyed by heat and direct sunlignt. Vitality was unaffected after long periods of refrigeration. The washed bacteria are readily destroyed by common disinfectants, but bacteria embedded in caseous material were much more resistant unless a fat solvent was used as a vehicle.
Each of some 200 strains examined produced a typical soluble toxin, and though atoxic strains have been described in the literature, such have not been met with in Australia. Optimum toxin-production had been obtained in a peptic digest of ox-flesh and liver, the toxin having a minimal lethal dose for guinea-pigs of 250 grm. varying from 0-1 to 0005 c.c. Cultures in this medium passed through siliceous filters gave toxic filtrates, though not without some loss of activity, and the toxin could be concentrated by salting out with ammonium sulphate. Such concentrated toxin, when'dialysed free of ammonium sulphate had been dried in vacuo and when stored in an atmosphere of nitrogen had retained its activity for long periods. A sample of dried toxin having a minimal lethal dose for the guinea-pig of 0x00008 grm. was taken as a standard for compar&tive purposes, and a corresponding standard antitoxin was prepared in the horse.
The guinea-pig, rabbit, sheep, goat, pig, horse, ox, dog, and cat were all susceptible to the action of the toxin. The lesion following subcutaneous inoculation in the guinea-pig took the form of an extensive, gelatinous oedema of the subcutis resembling that produced by B. anthracis; there were haemorrhages at the site of inoculation, extensive and often intense subserous and submucous haemorrhages along the alimentary canal, and congestion of the visceral organs. The adrenals were unchanged.
Intracutaneous inoculation in the guinea-pig produced a marked haemorrhagic necrosis and infiltration of the skin when large doses were employed, but small doses produced a reaction resembling that produced by diphtheria toxin except that it was more papular and more transieDt.
Washed bacterial bodies, which had been heated to 600 C., were lethal for guineapigs after intraperitonal inoculation of 0x05 grm. This somatic toxic action was independent of that of the soluble toxin, and the agent responsible was heat-stable and pyogenic and appeared to be non-antigenic.
The lesions produced by C. ovis took the form of chronicjabscesses, there being no evidence of acute or chronic intoxication, though the serum of infected animals contained considerable amounts of specific antitoxin.
Natural infection by C. ovis occurred in the sheep, the goat and the horse, and occasionally in the ox. In the horse the disease took the form of an ulcerative cellulitis. The incidence of this disease apparently only assumed considerable proportions when horses were kept under certain war conditions. It had never been observed in Australia where infection of the sheep was common. Infected animals developed specific agglutinins and sensitizers, and also showed specific hypersensitivity to substances contained in old cultures. Immunological reactions based on these specific responses to infection had not proved to be sufficiently accurate for the purposes of diagnosis, though experiments in progress indicated that a test modelled on the Schick test might prove of value.
Antitoxic immunity, either active or passive, conferred no protection against infection. Serial inoculations with vaccine of killed organisms had also failed to confer any significant protection of guinea-pigs and rabbits against infection, but encouraging results had been obtained with small groups of sheep, and experiments in the field were being extended.
With regard to the epizootiology of caseous lymphadenitis of sheep: The disease was widely distributed throughout the world and occurred in all the principal sheep-raising countries, with the exception apparently of Great Britain. In Australia, the incidence of infected flocks varied greatly. There was some evidence that English breeds of sheep were more susceptible than the merino. Incidence increased with age, and animals which had been shorn showed a higher incidence than unshorn animals. Sex appeared to have little influence on incidence.
Post-mortem examination on over 1,000 infected sheep of various ages and both sexes showed that the greatest incidence of lesions was in superficial lymph-glands, indicating that the infection entered from the surface of the body. The available evidence indicated that the common portal of entry of the causal organism was through wounds. In young animals lesions were almost exclusively in superficial lymph-glands, but as age advanced, metastatic lesions developed in deeper lymphglands and in the lungs, and in a small proportion of old animals in the liver spleen, kidneys, etc. Primary lesions in abdominal organs were very rarely found, if at all.
Lesions in lymph-glands tended to persist, though a number might rupture and heal completely, or undergo retrogressive changes with final disappearance of the causal organism.
Considerable attention had been paid to natural methods of infection. At first it had been considered that the common method was by contamination of wounds with material from superficial abscesses ruptured during shearing, etc. The observations of Bull and Dickinson in South Australia had recently shown that C. ovis was capable of leading a purely saprophytic existence in soil and fweces in which it would live and multiply under suitable conditions of moisture and protection from direct sunlight. These observers had also shown the value of the guinea-pig in detecting small numbers of C. ovis in contaminated material where cultural methods of isolation had failed. The presence of C. ovis in the feces of sheep bad also been reported. In view of these recent findings it might become necessary to modify our earlier conceptions of the common method of infection in sheep.
Dr. G. F. Petrie remarked that Dr. McClean and he had supplemented. Dr. M. M. Barratt's observations on the diphtheroid group in some work which they had done on the toxin-antitoxin relations of her human strains, Mair's strain, and C. ovis. In their experimental work they were especially concerned with the relation existing between the toxins of C. ovis and C. diphtheria, and they carried out cross-immunity tests with the corresponding antitoxins. As was well known; there was conflicting evidence in published work on the subject of this relationship.
Their own observations showed no relation between the toxins and antitoxins of C. ovis and C. diphtheria.
.,l 0 1340 He would mention a few points, without going into details. First, there was the difference in the character of the lesions produced in the skin of the guinea-pig and the rabbit by C. ovis toxin and by diphtheria toxin. In the guinea-pig, instead of the flat Schick reaction resulting from the injection of diphtheria toxin, C. ovis toxin produced a papular reaction which often gave rise to abscess formation. They had found that the intracutaneous lesions from C. ovis toxin in the rabbit were relatively much more severe than those in the guinea-pig and were produced by smaller doses. The lesions were swollen, heemorrhagic, cedematous, and necrotic, and were obviously quite unlike those caused by diphtheria toxin in the skin of the rabbit.
The experiments of some careful observers indicated that diphtheria antitoxin had a slight degree of neutralizing action on C. ovis toxin. He (Dr. Petrie) and his colleague believed that the explanation was to be found in the existence of normal C. ovis antitoxin in the serum of some horses. They carried out neutralization experiments in the skin of the rabbit with different horse sera and noted varying degrees of neutralizing activity in the samples. They then prepared a quantity of diphtheria antitoxin by immunizing a group of guinea-pigs with diphtheria toxoid, with the result that the pooled serum had no neutralizing action on C. ovis toxin when tested intracutaneously in rabbits. Concentrated therapeutic sera of whatever kind possessed a greater neutralizing action on C. ovis toxin than the original natural serum from which they were prepared. This result was what one would expect if the natural antitoxin, like normal diphtheria antitoxin, were present in the pseudoglobulin fraction of the serum. They estimated the titre of normal diphtheria antitoxin in the serum of the same group of horses and ascertained that there was no correlation between the content of normal C. ovis antitoxin and that of normal diphtheria antitoxin.
Two horses were immunized with C. ovis toxin and bacilli, and cross-immunity tests with their sera were carried out by employing the guinea-pig and the rabbit as the experimental animal, but they were unable to detect any evidence of crossprotection.
They also immunized groups of guinea-pigs with diphtheria and C. ovis toxoid, and found no cross-immunity. For example, a guinea-pig withstood 17,000 M.L.D. of diphtheria toxin but succumbed a few days later to less than 2 M.L.D. of C. ovis toxin.
Their work as a whole justified the conclusion that the toxins of C. ovis and C. diphtherime were unrelated.
Dr. M. M. Barratt said that, as a medical bacteriologist, her interest in caseous lymphadenitis had been in the causal organism rather than in the disease itself. The points of resemblance and difference between C. ovis and C. diphtherix had always intrigued both medical and veterinary workers. In recent years the interest in the relationship between the two organisms had been stimulated by the isolation from the human nasopharynx of certain corynebacteria which resembled C. ovis more closely than typical strains of C. diphtherite do. (Gilbert and Stewart, 1927 and 1929 [1, 2] ; Mair, 1928 [3] ; Barratt, 1933 [41.) During the last twelve months Dr. Storer of Nottingham had sent her two additional strains; Dr. Garrod, St. Bartholomew's Hospital, had sent one, and three had been isolated at the Lister Institute. making eleven strains in all in this country.
Morphologically in young cultures (seven hours or less) these strains might resemble typical C. diphtheria? but in older cultures, even in eighteen hours there was a marked tendency for short and even coccal forms to predominate. Culturally the growth on agar was much thicker than that of typical C. diphtheria?, even thicker than that of C. ovis; biochemically the most striking difference from C. diphtheria? was the liquefaction of gelatin.
When inoculated intradermally, as in the ordinary routine virulence test for C. diphtheria, all the strains in the group produced lesions not only in the unprotected guinea-pig but in that protected by diphtheria antitoxin. This difference from C. diphtherice in pathogenic effect was confirmed in experiments using the subcutaneous route. Varying doses of 48-hour broth cultures were given with and without a dose of diphtheria antitoxin sufficient to completely protect against at least 45 M.L.D. of a broth culture of a typical strain. In the first five strains studied by her [4] this amount of antitoxin saved the life of the animal when two M.L.D. of Mair's strain were given, or one M.L.D. of another strain (Quitman), but gave no protection at all against even one M.L.D. of two other strains (Stead and Revell). In the case of the fifth strain, it might or might not save the life of the animal if only one M.L.D. were given. A preliminary examination of the six additional strains had shown, however, that the 500 units of antitoxin given might be more effective in saving the life of the animal than was suggested in the earlier series. In the experiments made with five of these, the life of the animal was saved when as much as 5 to 20 M.L.D. were given and probably in the case of the lower values the limits of protection were not reached in the experiments so far made. With the sixth new strain-that sent from St. Bartholomew's Hospital-there was no protection at all, even when only one M.L.D. was given. Moreover, in animals surviving after inoculation of any of these strains, there was always an abscess at the site of inoculation; whether the survival occurred after a sublethal dose or the life had been saved by antitoxin. Occasionally, such abscesses were absorbed without breaking down, but more frequently they ruptured, often leaving a large slough which healed slowly; hence the name C. ulcerans given to the group by American workers. Speaking generally, the post-mortem appearances of animals succumbing to these organisms resembled those after inoculation with C. diphtherice, but it was found that, when diphtheria antitoxin was able to save the life of the animal with certainty, when two or more M.L.D. broth cultures were given the suprarenals were usually red, as after inoculation with C. diphtherise; whereas, when no protection was given against one M.L.D. or when protection was uncertain if more than one M.L.D. was given, these glands were usually pale, as after inoculation with C. ovis. Thus, the difference in the degree of protection given by diphtheria antitoxin was found to be linked with the presence or absence of changes in the suprarenals and suggested the division of the group into two subgroups. Just recently some high-titre C. ovis antitoxin had kindly been given to her by Dr. Carne. This had made it possible to demonstrate further the difference between the two subgroups and also to show the close relationship of one to C. ovis. Subcutaneous inoculations were made with forty-eight hour broth cultures of two representatives of each subgroup, with and without enough C. ovis antitoxin to neutralize 500 M.L.D. C. ovis toxin. The result was exactly the reverse of that when diphtheria antitoxin was given. C, ovis antitoxin saved the life of the animals, when strains were given against which diphtheria antitoxin gave little if any protection, but failed to give any protection against those for which diphtheria antitoxin protected. In the case of the former, the amount of C. ovis antitoxin given protected against as much as six M.L.D. of the broth culture and possibly the limit of protection was not reached.
These experiments suggested the examination of exotoxins and this had been carried out chiefly by Dr. Petrie and Dr. McClean. But apart from these, the experiments with the living organism had shown that a group of organisms isolated from the human nosopharynx differed not only in some of their cultural and biochemical characters from typical C. diphtheriaT but also in their pathogenic effects on guinea-pigs and in their immunological relationships. The group was not a homogeneous one; about equal numbers of the strains isolated in this country were more closely related to C. diphtheria on the one hand or to C. ovis on the other. The occurrence of a lesion at the site of inoculation, even when the life of the animal was saved by the appropriate antitoxin, showed that exotoxin was not the only factor concerned in the pathogenicity. This factor was found in both sub-groups and, as had been emphasized by previous speakers, it played an important part in the pathogenicity of C. ovis. At the same time, neither the American workers nor she (Dr. Barratt) herself had noted with these strains the chronic progressive lesions in the glands and internal organs commonly found after sublethal doses of C. ovis.
Dr. D. McClean said that experiments carried out by Dr. Petrie and himself had revealed a relationship between the toxin of C. ovis and the toxins produced by the aberrant diphtheroids which Mrs. Barratt had isolated from the human nasopharynx. The intracutaneous lesions in the rabbit and the guinea-pig caused by the toxins of C. ovis and the unusual diphtheroid strains resembled each other and were unlike the Schick reaction produced by the toxin of C. diphtheria?. The rabbit was more susceptible than the guinea-pig to an intracutaneous injection of the toxins of C. ovis and the aberrant dipbtheroid strains. Cross-immunity tests by the intracutaneous method in the rabbit with sera prepared from horses that had been immunized with the toxin of one of this group, C. " Quitman," and with the toxin of C. ovis, indicated that there was a mutual relationship; on the other hand, the toxin of C. " Quitman" which was neutralized by the homologous antitoxin, was unaffected by diphtheria antitoxin. Dr. Petrie and himself (the speaker) were unable to distinguish between the toxins of the various members of the group of diphtheroids described in 1933 by Dr. Barratt. The lesions that followed intracutaneous injections of bacterial suspensions were mitigated, but not wholly suppressed, by the antitoxic sera that they had prepared for the purpose of this work.
Dr. Barratt had discussed the relation of the strain isolated by Dr. Mair to the diphtheroids of the " Quitman " group. Dr. Petrie and himself had immunized horses with the toxin produced by this strain in broth cultures; the sera were used in prophylactic and curative experiments. In addition, groups of guinea-pigs had been immunized with toxoid obtained from toxic filtrates, and the immunity thus conferred was compared with that which was produced in similar groups of animals by immunizing them with the toxoid of C. ovis and of C. diphtheria. The results obtained indicated that Mair's strain occupied an intermediate position between C. diphtherime and the group which contained Dr. Barratt's aberrant diphtheroids and C. ovis. Mair's strain appeared to form two toxic components, one of which was identical with diphtheria toxin, whereas the other had an affinity with a toxic Professor J. C. G. Ledingham raised the question of the source of those Preisz-Nocard-like strains which had been isolated from the human nasopharynx in this country and America and appear to possess some degree of pathogenicity for man, if one might judge from the clinical condition with which they had been associated.
Further experience only would tell whether such strains might be found responsible for certain diphtheria-like conditions which were rdleged to be uninfluenced by diphtheria antitoxin. It would be desirable to explore thoroughly the possibility that these aberrant strains might reach the human nasopharynx from bovine sources, and perhaps, from milk.
Alluding to the value of the rat-pathogenicity test in distinguishing C. diphtheriae from the Preisz-Nocard type and certain of the human aberrant strains: whereas intraperitoneal inoculation of rats with small doses of Preisz-Nocard led to fatal septictemia, inoculations of large doses of C. diphtheria? by the same route were readily borne.
Mr. W. A. Pool said that in discussing infection at shearing, emphasis should be laid on the conditions that applied to this procedure when very large numbers of sheep had to be dealt with in extensive farming as carried out overseas. In Great Britain a farm carrying 3,000 head of sbeep was considered to be large; in some of the newer countries such a farm was quite a small undertaking. Persons not conversant with the conditions might fail to realize the extent to which opportunity for infection had to be guarded against.
In this extensive farming, the shearers travelled round from station to station and did the work at contract rates, using permanently installed machine power. They sheared a sheep in two or three minutes, and the close herding necessary to pass the sheep through the sheds rapidly, the handling, the shearing-which entailed cuts in the skin in a good many of the sheep-the passage down chutes out of the sheds, etc., led to heavy infection of any raw surfaces with pus from superficial C. ovis abscesses that might have burst or been burst, and also with faces and dust. Close attention was now being paid to opportunities for infection to occur in the course of sheep husbandry operations, and the Australian workers had taken very active steps to deal with the problem.
